Test anxiety, a type of distress, has a physiological component. Research studies have found that elevations in corticosteroid levels (hormones released during times of distress) can impair declarative memory, concentration, and learning. 22−26 Thus, high levels of stress can make it more difficult for students to concentrate and comprehend information. 15 Consequently, students may have the cognitive ability yet perform poorly in testing situations due to stress or a resulting test anxiety interfering with their concentration and ability to process information. 27 In addition, there is a psychological component to test anxiety. 27, 28 The worry or emotional arousal that can accompany test anxiety causes the student to become centered on the "self" during an exam rather than the task, thus possibly negatively influencing future academic performance if no coping techniques are adopted.
According to Harris and Coy, 18 students should use diaphragmatic breathing during exams in attempts to calm or center themselves. Results from research studies that examined students who meditated or used diaphragmatic breathing showed significant increases in students' academic learning and achievement. 11, 13, 17, 29 Diaphragmatic breathing is known to counteract the fight or flight response symptoms that are often associated with anxiety. 15, 30 When a student perceives the exam to be a challenge or has low self-confidence from previous testing experiences, he or she may experience the physiological symptoms previously discussed in addition to the symptoms associated with the fight or flight response that include increased heartbeat, respiration, blood pressure, muscle tension, and gastric discomfort.Meditation can also be used to counteract stressful situations, as it is a technique to develop concentration and awareness to produce a calming effect; diaphragmatic breathing is central to any meditation practice. 5, 30, 31 Many in academic medicine have called for medical schools to help students learn effective coping strategies to alleviate the academic stresses associated with negative performance. 7,12,32−34 Therefore, Southern Illinois University School of Medicine's Medical/Dental Preparatory Program (MEDPREP) has initiated a curriculum component to help students develop a coping technique to manage their perceived academic stresses and/or test anxiety.
The purpose of this article is to describe a 10-month longitudinal study conducted over a 2-year period to assess the MEDPREP students' perceived symptoms and beliefs regarding the stresses associated with testing situations and academics. In addition, we examined the changes in their use of Deep Breathing Meditation (DBM) as a tool to counter the symptoms associated with testing stresses.
Methods

Participants
Sixty-four postbaccalaureate premedical students enrolled in MEDPREP at Southern Illinois University School of Medicine during the academic years of 2004-05 (Group 1) and 2005-06 (Group 2) participated in the study; 32 students participated in each academic year for a total of 64 participants. The combined study groups comprised 53 women and 11 men. Of these participants, there were 58 Black, 4 Hispanic, 1 Asian, and 1 Native American. Seventyseven percent of the students had taken the Medical College Admission Test (MCAT) prior to enrollment.
MEDPREP
MEDPREP is a 2-year postbaccalaureate program designed to assist students underrepresented in medicine to prepare for the MCAT during the 1st year and in the 2nd year build a strong science foundation to prepare them for medical school matriculation. All of the students begin their 1st academic year in June as a cohort. During their 1st academic year, students take MEDPREP courses and usually one campus course (i.e., physiology, anatomy, genetics). MED-PREP courses include Biology, Chemistry, Physics, Career and Professional Development, Verbal Reasoning (VR), and Academic Enrichment (AE). The latter four courses have only one section during the summer. The VR course meets during the summer, fall (two sections), and spring semesters of the students' 1st year and addresses the skill development for the Verbal Reasoning and Writing Sample sections of the MCAT. The AE course has one section in the summer and fall; students develop such skills as stress management, time management, and study/test-taking skills.
Study Design
Because the students are enrolled in the same AE and VR classes during the summer, we were unable to have a control group. Thus, this is a descriptive study of MEDPREP students' perceptions regarding the presence or absence of academic stresses and their use of DBM.
During each 10-month study period, the two groups were surveyed at three different times using an instrument developed by the authors. The DBM Pretest was administered immediately prior to each group's first MEDPREP course of the summer semester, at the conclusion of the summer semester 6 weeks later ( The DBM instrument comprised questions with forced-choice options using a 10-point Likert-type scale from 1 (never) to 10 (all the time) to track any changes in students' perceived feelings and beliefs. All three surveys consisted of a definition of DBM as "several minutes of quiet time to focus on your breathing as a stress management strategy," four items to assess feelings of negative test anxiety and associated symptoms, two items regarding their current use of DBM, and one item to determine their belief of using daily DBM to help them academically. The Posttest survey also included a belief question regarding the use of DBM as helpful in medical school. The Followup survey consisted of the aforementioned items, two additional belief questions regarding future use, and one item to identify all of the situations in which students utilized DBM since matriculating into MED-PREP through their MCAT test-taking experience.
DBM is based on Benson's Relaxation Response. 31 His technique has four basic components: working in a quiet environment, using a mental device such as concentrated breathing to direct one's attention, being in a comfortable position where most of the body weight is supported, and having a receptive attitude. 31 The first MEDPREP class that all of the students attended (AE) presented information concerning stress and test performance to create the awareness that this is an experience shared by students 5 and, as recommended by Benson, 31 to create a receptive attitude for using DBM as part of our course component. Students were also taught how to perform diaphragmatic breathing through a script written and conducted by one of the authors who is a licensed counselor specializing in stress management at the university. This script incorporates the remaining components of Benson's Relaxation Response previously listed (see Appendix).At the start of the second AE summer class, students performed approximately 5 min of DBM; this was followed by a 1-hr lecture regarding the physiological effects of stress on learning and the body and results of experimental studies that utilized meditation to improve academic scores.
To verify that students were able to fully elicit the diaphragmatic breathing central to DBM, each student was evaluated during a private, 10-min session with the counselor using the HeartMath R Stress Management System produced by the Institute of HeartMath in Boulder Creek, California. 32 The HeartMath device analyzes the heart rate and rhythm as a measure that reflects either a shallow breath from the chest or deep diaphragmatic breathing. All of the students were able to elicit the diaphragmatic breath reflective of neustress and Benson's Relaxation Response. 31 The DBM curriculum component was primarily designed to assist students in decreasing any perceived feelings of negative academic performance, nervousness, or anxiety symptoms and aid them in developing a stress management technique they could use whenever they perceived themselves to have feelings of distress (i.e., nervousness, loss of concentration, self-doubt). The AE and VR semester courses began with approximately 5 min of DBM each time the classes met; students participated in DBM 30 times during each summer semester, 43 times during each fall semester, and 22 times during each spring semester for a total of 95 DBM sessions over each academic year. The data analyses of the three surveys were completed using the Statistical Analysis System to determine frequencies, means, standard deviations, and paired, two-tailed t tests between surveys.
Results
The analysis of the Pretest to Follow-up data pertaining to the question regarding students practice of DBM before entering MEDPREP (data not shown) revealed that 67% (n = 43) of the students responded they had never engaged in DBM prior to being introduced to it in class; 22% (n = 14) had practiced DBM only as needed, and 11% (n = 7) performed DBM an average of 2 days per week. At the end of each study period 10 months later, 100% of the students reported using DBM at least once in a situation (MCAT) not associated with the AE or VR classes where it was regularly practiced, 58% (n = 37) used it only as needed, and 42% (n = 27) practiced DBM an average of 4 days per week on their own.
The changes in mean scores in the six areas assessed for each survey over the 10-month study period are illustrated in Table 1 . The greatest changes occurred within the first 6 weeks during the summer semesters. All six areas changed significantly during that time period; the students perceived significantly less test anxiety, nervousness, and self-doubt, in addition to increased concentration during exams. Although there was a significant decrease in students' perceived feelings of self-doubt during exams in the first 6 weeks, the greatest decrease occurred from the time between the Posttest to Follow-up. The students also began using DBM during exams in courses other than AE and VR and believed using DBM would help them academically.
The various situations in which the students engaged in DBM are illustrated in Table 2 ; the data were derived from the April Follow-up surveys only to determine if students utilized DBM outside of the AE and VR courses. The majority of them used it prior to initiating their practice verbal reasoning passages in and outside of VR, prior to and during the MCAT exam, and during exams in classes other than AE and VR. Almost half of the students reported engaging in DBM before quizzes in classes other than AE and VR. During the second year (2005-06), we also asked Group 2 (N = 32) if they used DBM when starting to lose concentration during exams other than AE and VR; 69% (n = 22) responded they used DBM to counteract that mental state. Another 38% (n = 12) responded that they used DBM before studying when alone.
In the Follow-up surveys only in both years, we asked the students to use the scale of 1 (not at all) to 10 (completely) to tell us about their beliefs regarding their use of DBM in the future and to what extent they became engaged in the DBM component during the AE and VR classes. The students reported they believed using DBM would be helpful in medical school (M = 8.28, SD = 1.89) and as a physician (M = 8.27, SD = 1.89); they also anticipated using it in the future (M = 7.83, SD = 2.71). Overall, students reported becoming very engaged in the DBM segment during the VR and AE classes (M = 8.17, SD = 1.94).
Conclusion
This research study was based on the premise that it is not enough to lecture students about stress management strategies during orientation or as an isolated unit. Rather, students must be provided with regular opportunities to develop and practice a strategy as it takes time to abandon an ineffective behavior and replace it with a behavior that is empowering. Our findings suggest that significant behavior changes occurred when MEDPREP students were given a continuous opportunity to practice a 5-min stress reduction tech- nique meant to reduce the physiological and psychological effects that can be associated with academic stress.
To our knowledge, only a limited number of medical schools provide opportunities to fully develop and use a stress reduction technique as a regular part of the curriculum for all students. 11 However, it has been suggested in the literature that medical students be provided with educational interventions that teach them effective coping strategies as a proactive measure to counteract distress. 5, 7, 12, 32, 33, 36, 37 The DBM course component allowed students, who might not acknowledge or understand the consequences of stress, to acquire and utilize a coping mechanism to call on as stressful situations occurred and triggered the fight or flight response, a common human phenomenon. 15 We believed that the successful implementation of the DBM component necessitated a full explanation of the science supporting the inclusion of this component so that students would be receptive and engage in the DBM sessions. From student comments, using the HeartMath monitor to evaluate their ability to elicit diaphragmatic breathing helped to verify whether they were breathing deep enough. Overall, it appeared that the students became engaged in the DBM component. In March 2005, 9 months into the 1st year of the study, a student apologized for not engaging in the DBM component and for always silently questioning why we had this as part of the class; however, the student now understood why it was helpful and came to thank us for including it in the curriculum. For some students, it may take longer to become receptive and participate in the DBM component. Thus, it is important to offer students the opportunity to learn a technique and allow for continued practice; we recommend that stress management components be integrated into the curriculum for all students.
After 6 weeks, students perceived the positive effects of increasing concentration and decreasing test anxiety, nervousness, and self-doubt during exams. Although we did not analyze the presence of stress hormones in our participants, these findings are consistent with our knowledge of how increases in stress hormones can cause a range of cognitive 2,3,16−18 and physical 15 symptoms that our participants reported experiencing. Despite the group size, significant changes in all areas of concern were observed after exposure to DBM from the Pretest to the Follow-up.
In addition to the benefits discussed, there is no monetary cost involved with incorporating DBM into the curriculum, unless the institution chooses to purchase a HeartMath system. However, providing students with this opportunity also requires that the faculty be receptive to leading the students in the guided meditation at the start of lectures, tutor groups, and exams. As instructors, we sometimes rush to class; however, leading the DBM component allows one to also take a breath, clear the mind, and focus.
Our study has several limitations. The study results are based on students' self-reported perceptions and not on direct observations or measurements. Second, although these data provide evidence for an association between using DBM and students' perceptions of improved concentration and decreased anxiety, nervousness, and self-doubt, there are no data to demonstrate to what extent the summer and fall AE courses also contributed to these results. Last, this study was based on a small sample of postbaccalaureate premedical students underrepresented in medicine rather than a representative sample from the premedical student population; thus, we would be hesitant to generalize these results to the medical student population. Yet the results suggest that providing students with an opportunity to develop a stress management technique may have merit, particularly for students who experience some level of anxiety during evaluative sessions.
In conclusion, our goal was not necessarily to have the MEDPREP students engage in a daily practice of DBM but for them to recognize when they were experiencing distress and know how to react in a positive manner to counter their perceived symptoms. We believe the DBM intervention was successful based on the results indicating that (a) 100% of the students reported practicing DBM at some point prior to or during the MCAT, a stressful testing situation for many MED-PREP students; (b) the majority of students initiated DBM on their own prior to their exams outside of the AE and VR courses; and (c) almost half initiated DBM on their own before quizzes in classes other than AE and VR. Overall, it appears as though the students were able to develop a coping technique, used it in a variety of circumstances, and may continue to utilize DBM as they move forward into the demands of medical school and their lives as physicians.
